1. Parenchymal, Kupffer and biliary tract cells were isolated from normal rat liver by perfusion with collagenase solution.
Introduction
Enzyme activities measured in whole liver homogenates reflect activities in at least three different cell types, namely parenchymal, Kupffer and biliary tract cells. Recently, reliable techniques have been developed for the isolation of these cell types so that the contribution of the individual cells to the activities in the whole liver can be determined. In addition, the properties of the subcellular organelles can be established in the individual cell types. In this manner the specific subcellular changes which occur in experimentally induced hepatic damage, e.g. bile duct ligation, can be determined (Peters, Neale & Heath, 1975) . Wootton, Neale & Moss (1977) reported the activities of certain membrane enzymes in isolated hepatic cell preparations from both control and bile-duct-ligated animals. We have extended these experiments to determine activities of marker enzymes for the various subcellular organelles in the isolated liver cells and additionally measured lysosomal integrity in the cell extracts. Assays of enzyme activities in homogenates of hepatic cells, although of interest, can yield far more valuable information if combined with subcellular fractionation procedures which permit the separation of the individual organelles (Peters, 1977) . The proportion of the total enzyme activity associated with a particular organelle can be determined under various experimental conditions and information can be derived on the differences in the properties, e.g. equilibrium density, of the organelles.
Materials and methods
Perfusion experiment. Male (Sprague-Dawley) rats (200-250 g in weight) were anaesthetized with pentobarbitone and the livers were perfused in situ, as described previously (Wootton et al., 1977) , by the method of Berry & Friend (1969) . After removal of approximately 1 g of the whole liver, the remaining tissue was gently disrupted and suspensions of parenchymal, Kupffer and biliary tract Clare SeIden et al.
cells were prepared by differential centrifugation (Wootton et al., 1977) .
Light microscopy of the parenchymal fractions showed them to be of uniform size, rounded, and most excluded Trypan Blue. Cells composing the Kupffer cell fraction were smaller and irregularly shaped.
Homogenization. Cells of each fraction were suspended in isotonic (0.25 mol/l) sucrose containing disodium EDTA (1 mmol/l), pH 7.2, and ethanol (20 mmol/l) (SVE medium) and disrupted with a Dounce homogenizer: whole liver (10 x A pestle, 30 x B pestle); parenchymal cells (40 x B pestle); biliary tract cells (20 x A pestle); Kupffer cells (90 x B pestle). The homogenates were centrifuged at 800 g for 10 min and the postnuclear supernatant (PNS fraction) was kept at 4OC. The nuclear pellets were resuspended in 10 ml of SVE medium and homogenized with 10 strokes of the B pestle. Lysosomal integrity was measured on a portion of the PNS fraction with P-N-acetylglucosaminidase as a marker (Peters, Heath, Wansbrough-Jones & Doe, 1975) .
Analytical techniques. Subcellular fractionation of 3.5 ml of PNS fraction of the three isolated cell types was carried out with isopycnic centrifugation as described by Peters & Shio (1976) . Enzyme assay procedures have been reported previously (Peters et al., 1972; Peters & Shio, 1976) . Protein in the gradient fractions was determined fluorimetrically (Peters, Batt, Heath & Tilleray, 1976) with bovine serum albumin (Armour Pharmaceuticals) used as a standard. Protein was measured in the total homogenates by the method of Lowry, Rosebrough, Farr & Randall (195 1) . The fluorimetric procedure is, unlike the Lowry method, unaffected by the high concentrations of sucrose in the density gradient fractions.
Results
Enzyme activities in liver cell homogenates. Table 1 shows the specific enzyme activities in the whole liver and the isolated cell homogenates with the EC numbers of the enzymes studied. The first four enzymes, alkaline phosphatase, y-glutamyl transpeptidase, 5'-nucleotidase and leucyl-2-naphthylamidase, are putative markers for the plasma membrane (Solyom & Trams, 1972) . As expected, the enzyme activities in the parenchymal cells are similar to those in the whole liver homogenates. With the exception of leucyl-2-naphthylamidase, these enzymes have increased activities in the biliary tract and Kupffer cells compared with the whole liver homogenates.
The five acid hydrolases tend to have higher specific activities in the' Kupffer cell preparations but only for ribonuclease does the difference reach statistical significance. Lysosomal integrity as reflected by the latent P-N-acetylglucosaminidase in the cell extracts is significantly reduced in the Kupffer cells.
Marker enzymes for the endoplasmic reticulum (neutral a-glucosidase) and cytosol (lactate dehydrogenase) show no difference between the four groups. Cytochrome oxidase, a mitochondria1 marker, shows no significant differences between any of the preparations. Catalase, a peroxisomal marker, is significantly reduced in the Kupffer cells. The amount of protein expressed per milligram of DNA is also reduced in this cell type.
Density' gradient experiments. Fig. 1 shows distinct differences between the subcellular distribution of y-glutamyl transpeptidase and alkaline phosphatase in the liver cell preparations. The 
(10)
8.3 f 1.0 
0.038 f 0.009
18.0 f. 5.3 (7) 71.4 f 2.0 (9) 1.46 f 0.28 (10) 
8.83 f 1.4
(9) whole liver preparation has a bimodal distribution with a significant soluble component for both enzymes. The parenchymal cell distribution closely follows the whole liver but biliary tract preparations show a single broad peak in the density region of 1.15. The Kupffer cells have a major cytosolic component for these enzymes. Fig. 2 shows the distribution of 5'-nucleotidase. In whole liver, parenchymal and biliary tract cells this enzyme has a single peak in the density region of 1.15. The Kupffer cells have a soluble localization with some activity entering the lessdense region of the gradient. Protein shows a major soluble fraction with a peak at density 1.20, which in the Kupffer cell preparation is represented by a shoulder. This peak corresponds closely to cytochrome oxidase, a mitochondria1 marker enzyme (not shown). Fig. 3 shows the distributions of P-N-acetylglucosaminidase, a lysosomal marker, and of neutral a-glucosidase, an endoplasmic reticulum marker. P-N-Acetylglucosaminidase has very similar distributions in the whole liver, parenchymal and biliary tract cells with a small soluble component and a distinct peak at density 1.2 1. In Kupffer cells there is more soluble activity, reflecting the lower activity of latent P-N-acetylglucosaminidase and a broad particulate component at a density of 1.16. Similar distributions (not shown) were found for acid phosphatase, another lysosomal marker enzyme. Neutral a-glucosidase shows a broad particulate distribution extending from densities 1.15 to 1.25. The median density of this enzyme is significantly reduced in the Kupffer cell preparation.
Discussion
These studies demonstrate significant differences in the enzymic activities and properties of the subcellular organelles from the various cells of rat liver. As expected, the parenchymal cells, which form the bulk of the liver tissue, have enzyme activities and organelle properties similar to that of whole liver. The biliary tract cells show certain specific features. The activities of three plasma membrane enzymes, alkaline phosphatase, y-glutamyl transpeptidase and 5'-nucleotidase, are significantly elevated in thjs cell type as found in the previous study (Wootton et al., 1977) . Surprisingly, leucyl-2-naphthylamidase, also believed to be localized to this organelle (Solyom & Trams, 1972) , is not significantly elevated in the biliary tract cell population. This may reflect a selective localization of this enzyme to particular regions of the plasma membrane (Smith & Peters, 1978) . The sucrosedensity-gradient experiments also indicate differences in the subcellular localization of certain of these enzymes in the biliary tract cells. Compared with the parenchymal cells, a greater proportion of both y-glutamyl transpeptidase and of alkaline phosphatase is membrane-bound. The properties and enzyme activities of the other subcellular organelles of the biliary tract cells are essentially similar to parenchymal cells.
The Kupffer cells also clearly represent a distinct population. Although the activity of 5'-nucleotidase is elevated, the other putative plasma membrane enzymes have similar activities to the parenchymal cells. The subcellular fractionation experiments, however, show striking differences, with most of the activity remaining with the sample layer. These findings indicate that these enzymes have a major cytosol component although they are also partially bound to membranes of low equilibrium density. The lysosomal enzymes are increased in the Kupffer cell preparation, as has been reported previously (Berg & Brow, 1973; Scamman, Zawacki, McMurrich & Babior, 1975; van Berkel, Kruijt & Koster, 1975;  Munthe-Kaas, Berg & Seljelid, 1976) . The present study indicates that Kupffer cell lysosomes are more fragile and have a lower density than those from other cell types in the liver. These findings presumably reflect the phagocytic function of the Kupffer cells. The distribution of particulate neutral a-glucosidase shows a significantly lower density, indicating a greater proportion of smooth endoplasmic reticulum . Other organelles have essentially similar properties to those in the parenchymal cells although the reduced amount of mitochondria1 enzyme and protein content is probably significant.
These studies further emphasize the biochemical differences between the various cell types of rat liver, which presumably reflect their functional differences and indicate the importance of separating the cells before exploring details of hepatic function in either normal or diseased liver.
